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expected that tumours of the central nervous sys-
tem, irrespective of malignancy, would show a sig-
nificant excess over the calculated risk. Although
the slow rate of growth of many of these tumours
may result in an interval of several years between
the first epileptic fits and the diagnosis of the neo-
plasms, it seems that in the second decade of anti-
convulsant therapy the excess is limited to the male
sex and to the two quinquennia between 1948 and
1957 (p < 0.05).
The slight excess of neoplasms of the respiratory

system among males during the first ten years of
treatment is hardly worthy of comment; nor are the
slight deficits in numbers of uterine and mammary
cancers, although they accord with general sta-
tistics.
The slight excess for liver cancer is not statisti-

cally significant. Furthermore, a man of sixty-one
who died in 1964 with cholangiocarcinoma of a

cirrhotic liver was found to have received ’Thoro-
trast’, a radioactive compound previously used in

radiodiagnostics, at a dose of 30 ml. equivalent to
440 rad, in 1946. In 1936-51 he had received about
200 mg. phenobarbitone daily and 800 mg. daily when
he was having epileptic seizures.

In conclusion, it is difficult to see how neoplasms
could have been caused by the anticonvulsants, since
the frequency of tumours is decreasing in the popu-
lation receiving these drugs.
We thank Arne Nielsen, lic. act., reader in medical statis-

tics, University of Copenhagen, for valuable statistical help.
Requests for reprints should be addressed to J. C.
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Summary A patient with a restricted lesion of
the right occipital lobe was investi-

gated to assess the possibility of some visual capac-
ity in his hemianopic field which was blind on con-
ventional perimetric testing. Evidence is presented
that visual stimuli can be localised with considerable
accuracy and that certain aspects of their orienta-
tion and spatial distribution can be differentiated,
even though the patient has no awareness of "seeing"
in his blind field. These observations suggest that
the visual capacity remaining after damage to visual
cortex may be much greater than is commonly ac-
cepted.

INTRODUCTION

LESIONS in the visual cortex give rise to areas of
apparent blindness in the visual field. When visual
stimuli are presented in such regions, a patient char-
acteristically states that he sees nothing, or at best
acknowledges perception of transient events such as
the onset and offset of light or perhaps vigorous
movement.2,3 Recently, however, the question of
residual vision in field defects has come under re-
newed scrutiny: firstly because of a report that pa-
tients’ eye fixations may be controlled (albeit rather
weakly) by stimuli presented in their blind fields
despite the denial of vision;4 and secondly because
experimental work in the monkey (whose visual

pathways are anatomically closely similar to man’s)
has demonstrated a greater residual vision following

cortical removal than is traditionally accepted.5 The
animal work also suggests strongly that residual
visual capacity is more nearly normal when the le-
sions are restricted to area 17 than when neighbour-
ing posterior association cortical regions are also
involved.6 For these reasons patients with restricted
occipital damage are of especial interest, and we
summarise here our observations on such a patient.

CASE RECORD

A man, aged 34, had a 20-year history of repeated
episodes of flashing lights giving way to a scotoma in the
left homonymous visual fields and accompanied by severe
headaches. Angiography revealed a large occipital ar-

teriovenous malformation, which was removed by Prof.
Valentine Logue in June, 1973. The excision is estimated
to have extended approximately 6 cm. anterior to the
occipital pole and included the major portion of the
calcarine cortex on the media aspect of the hemisphere.
After operation the patient had a macular splitting
hemianopic field defect. In addition he reported seeing
flashing lights and formed visual hallucinations in the
left half field which disappeared after 5 weeks.

METHOD AND RESULTS

We examined the patient immediately after sur-
gery and again 2 and 8 months later. Perimetry
(Goldmann and Aimark) showed a complete and
stable left homonymous hemianopia, except for an
incongruous area of spared vision in the extreme
upper portion of the field. When presented with a
very vigorously moving stimulus he would some-
times report seeing "something" but was unable to
identify it; otherwise he said he could see nothing
at all. When, however, he was urged to guess either
the nature or the location of a stimulus within his
blind field (after being shown the range of possible
stimuli in his intact half-field) strong evidence of
very considerable visual capacity was found. More
specifically, the following tests were carried out:

(a) Circular patches of light (2&deg; in diameter) on a

dark ground were presented in random order in the blind
field for 3 seconds at fixed positions along the horizontal
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meridian. When the stimulus was turned off, the patient
was asked to shift his fixation from the standard fixation-
point to the guessed location of the stimulus. "Blank"
trials were also presented in which the stimulus was
absent without the patient’s knowledge. Eye position was
monitored with skin electrodes on the medial and lateral
canthi using D.c. amplification. The results of Poppel et a1.4
were confirmed, in that there was a weak but significant
correlation between target position and fixation position
for loci out to 30&deg; eccentricity but not beyond.

(b) Circular patches, varying in size, were presented
for 3 seconds on the arm of an Aimark perimeter ran-
domly in loci from 15&deg; to 90&deg; along the horizontal
meridian to the left of the fixation-point and the patient
was asked to touch the locus of the stimulus (after its
termination) with his left forefinger. The accuracy of
reaching was remarkably good for stimuli ranging from
4&deg; 15’ to 51’ in diameter, the average deviation from
correct reaching for this stimulus range being &plusmn; 4.9&deg;
over 126 trials. For a small stimulus of 23’ diameter,
however, reaching was indiscriminate, as was also the
case for "blank" no-stimulus trials.

(c) The patient was asked to guess, whilst maintaining
fixation, whether a line (either black on a white ground
or white on a black ground), projected onto a screen

directly in front of him, was oriented vertically or hori-
zontally. The nearest edge of the stimuli in this test and
in (d) below was approximately 3&deg; from the vertical
meridian. The size of the image and its duration were
systematically varied. (For any given stimulus value, 30
trials were given with the two orientations in random
sequence.) Discrimination was perfect or near perfect
unless the length of the line was reduced to less than 8&deg;.
Brief presentations were used to eliminate eye movements;
he performed 29 out of 30 correct with a stimulus dura-
tion of 125 milliseconds, and well above chance scores

were obtained even with presentations of only 62.5
milliseconds’ duration. Discrimination between a vertical
line and a diagonal line (each 17&deg; 15’ in length) was
almost perfect with a stimulus duration of 125 milli-
seconds and was above chance with a duration of 62.5
milliseconds.

(d) The subject was asked to guess whether the
stimulus was an X or an 0 projected onto the screen;
both black letters on a white ground and white letters on
a black ground were used. Excellent performance was
maintained until the stimuli were between 5&deg; and 10&deg;
along their vertical extent. With brief exposures, scores
were still well above chance with durations of 250 milli-
seconds but were at chance levels with durations of 62.5
milliseconds.

(e) "Minimal separable acuity" was measured by ask-
ing the subject to guess whether vertical lines were pres-
ent in a circular field (6&deg; 39’ diameter) with its centre
placed 8&deg; 48’ to the left or right of his fixation-point. A
reliable and systematic relationship was obtained between
spatial frequency of the grating (for details of the
apparatus see Weiskrantz and Cowey’) and the percentage
of correct responses. His threshold in the region of the
blind field tested was approximately 1.85’ as compared
with 1.49’ for a symmetrical region in the intact field.

DISCUSSION

The present results indicate that visual stimuli
can be localised with considerable accuracy and that
certain aspects of their orientation and spatial dis-
tribution can be differentiated if they are larger
than a critical size when they are presented in a
"blind" region. The patient’s performance was sys-
tematically related to both the size and the duration
of the stimuli although there was no acknowledged

awareness of this capacity. His performance was
not discussed with him until all the tests were com-
pleted. Throughout these experiments he insisted
that he saw nothing except in his intact field. He
was extremely reliable and never failed to report
promptly when a stimulus fell on the edge of the
intact field. When shown his results he expressed
great surprise, and reiterated that he was only
guessing. Ocular refixation movements were elimi-
nated as a method of vision by observation in most
experiments, in (a) by ocular-movement recordings,
and in (c) by the short exposures which were well
below the latency for saccadic eye movements.
Other tests and observations were also carried out

which, together with the present results, will later
be reported fully. Our observations on this patient
suggest that routine perimetric or clinical examina-
tion restricted to asking a patient whether or not he
sees a stimulus can seriously underestimate the re-

sidual capacity associated with damage to primary
visual cortex. It is obviously necessary to extend
this work to the whole range of field defects asso-
ciated with retro-chiasmal lesions, especially as there
may be implications for therapy. It may be suggested
that the pathway from retina to superior colliculus
(and beyond, to thalamus and posterior association
cortex) may possess a qualitatively distinctive ca-

pacity for visual processing that has previously been
underestimated. The remarkable visual ability of our
patient would seem to justify this re-examination
and perhaps to require a reinterpretation of visual-
field defects in man and other primates.
We thank Mr J. Leach, Mr J. Collins and Mr J. F.

Stevenson for their assistance in testing the patient and in
the analysis of the data. We are particularly grateful to the
patient, who gave his willing cooperation throughout many
hours of investigation.
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"Admission of unrestricted numbers of students to med-
ical school leads to a chaotic situation (Italy, Portugal, to
a lesser extent Denmark). Even if there is a MMtV!’

clausus, but the number admitted is too high for the avail-
able facilities and number of teachers (France, to a lesser
extent Sweden), conditions become unsatisfactory. The
consequences are a high dropout rate, discontented stu-

dents, teachers overwhelmed by teaching duties and unable
to do research, students totally cut off from research, and
dogmatically trained physicians released to practise medi-
cine for the next 40 years. Imposition of a m/1IlmlJ

clausus may be politically difficult but is not impossIble
(the Netherlands, Federal Republic of Germany) and NN-ill
probably satisfy a country’s health needs better in the long
run (German Democratic Republic) than a crash pro-
gramme to provide a large number of less well trained
physicians quickly."-F. PETER WOODFORD in Medical Re-
search Systems in Europe ; p. 319. Amsterdam : Associ-
ated Scientific Publishers. D.fl.43.


